ANALYSIS AND RESULTS As well recognized, a functional surface finish can determine how well the surface wears, transmits heat, and distributes a lubricant. Among the large number of surface parameters available to describe surface finish requirements, the arithmetic mean of surface roughness, Ra, is the most specified surface finish parameter across most industries and applications. However, Ra may not fully describe the functional requirement of the surface. This study is focused on the selection of surface parameters based on local contact pressure, an important indicator of friction and wear. Surface parameters are obtained from measured or generated three-dimensional topographies. Surface performance responses, evaluated by local contact pressures, are calculated from micro-contact analysis based on the rough surfaces. The analysis of correlation, indicated by Pearson correlation coefficient that is a measure of correlation strength of linear relationship, is performed among these surface parameters and between surface parameters and responses. A set of functional parameters is identified to properly specify a surface evaluated by local contact pressure.
Parameter f x y z x y z x y z = where z i is the asperity height at a point (x i , y i ) on a measured/generated surface. The surface parameters to characterize a surface, may be classified into four categories, that is, amplitude, spatial, hybrid, and functional, as illustrated in Figure 1 . The parameters in the amplitude group are theoretically related to the asperity height, z i , but not to the spacing, x i or y i ; while the parameters in the spatial group are theoretically related to spacing, x i and y i only. The hybrid parameters, as the name suggested, are related to both spacing and asperity heights. The functional parameters are related to the functionality such as fluid retention or volume properties of a surface.
INTRODUCTION
Surface finishes, indicated by surface parameters, are vital for many components across various industrial applications. There are twenty-seven surface parameters (1) defined and commonly used to characterize three-dimensional surface topographies. However, not all the surface parameters are of equal importance in describing the functional mechanism of a surface, therefore it is important to choose those parameters that are correlated with functional behaviors of a surface. This study is not only aimed at seeking the parameters crucial to the surface performance in term of contact pressure, but also intended to serve as a means for ranking various surface parameters as to their relative performance.
Figure 1 Three-dimensional surface parameters

Contact analysis
The three-dimensional surface topography on a ground surface was measured by Somicronic stylus profilometer. The surface data file consists of asperity heights at discrete locations, at which x spacing and y spacing are 2 µm and 4 µm respectively. In order to obtain a range of surfaces with variations in surface parameters, the measured surface was used to populate new surfaces by randomly scaling x spacing, y spacing and asperity height with a factor from 0.5 to 3.5. By doing so, eighteen sets of surface data files, which represent eighteen different surfaces, were generated. On one hand, these surfaces were processed by MoutainsMap, a surface metrology software package, to obtain surface parameters of each surface; on the other hand, the surface data were used as the inputs of a physics-based, three-dimensional, deterministic Surface Distress Model (SDM). Maximum contact pressures were calculated from the model and were utilized as the performance response. The parametric studies were performed on the parameters and the response. The flow chart for the analyses is illustrated in Figure 2 .
Correlation study
The number of surface parameters associated with a surface can be reduced by correlation studies. In this study Pearson correlation coefficient, which ranges from -1 to +1 indicating the scale of correlation relationship between a pair of specified variables, is used as the indicator of the correlation strength. It should be noted that the probability value (p-value) associated with the Pearson coefficient is less than or equal to a predetermined level of significance (α-level). By convention, the most commonly used α-level is 0.05. The relationship between the pair of variables indicated by Pearson correlation coefficient is used as a guideline to screen out the parameter if the parameter is strongly correlated to the other member of the pair, and also to screen out the parameter if the parameter is not strongly correlated to the response. The number of parameters can thus be reduced based on the correlation relationships.
Correlations were performed among surface parameters, and between surface parameters and responses by using statistic toolkit in MiniTab. Correlation studies yield four relatively independent parameters, Sa, Sds, Ssc, and Str, which are defined as arithmetic mean of the deviations from the mean, density of peaks, arithmetic mean curvature to the peaks, and the ratio of texture aspect, respectively. Figure 3 gives the correlations between surface parameters and the performance response, maximum contact pressure. The numbers corresponding to a pair of variables are the Pearson coefficients; the numbers below the coefficients are the probability values. It can be observed from the Pearson correlation coefficients that three parameters, Sa, Sds and Ssc, are strongly correlated to the performance response. However, the other parameter, Str, has relatively weak correlation to the response. It is interesting to note that among the three parameters, Sds and Ssc, are the parameters chosen by Greenwood and Williamson (2) for their statistic model on the rough surface contact; while Sa chosen in this study is found strongly correlated to the root mean square, Sq, which is slightly different from the Greenwood-Williamson's third parameter, summit root mean square. Figure 4 illustrates the main effect plot of different parameters on maximum contact pressure. As the parameters, Sa, Sds, and Ssc, increase, maximum contact pressure generally increases; while no clear trend is observed on the parameter, Str.
CONCLUSIONS
Based on the surfaces studied, the following conclusions are arrived, 1. Correlations exist not only among parameters within each category, but also among parameters across different categories. Four surface parameters, Sa, Sds, Ssc, and Str, are relatively independent surface parameters. 2. Three parameters, Sa, Sds, and Ssc, are strongly correlated to the performance response, maximum contact pressure, whereas the parameter, Str, is weakly correlated to the response. 
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